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ABSTRACT
This study empirically examines the asymmetric relationship
between public-private partnerships investment in the energy
(PPPIE) sector and CO2 emissions for selected Asia economies
from 1990 to 2019. For estimation, we used the nonlinear autore-
gressive distributed lag modelling (NARDL) econometric approach.
The findings reveal that a positive change in PPPIE hinders envir-
onmental quality by increasing CO2 emissions in Indonesia and
Russia in long run. On the contrary, a positive change in PPPIE
has a negative influence on CO2 emissions in China and Turkey
in long run. The negative shock of PPPIE mitigates the CO2 emis-
sions in long-run in Russia, Indonesia, and Turkey. However, a
positive change in PPPIE improves environmental quality by
decreasing CO2 emissions in India, Indonesia, and Turkey in the
short run. Although a negative change in PPPIE has negative
effects on CO2 emissions in only Indonesia, while it has positive
effects in India, Russia, and Turkey in the short run. Therefore, the
government should encourage public-private partnerships invest-
ment in the renewable energy sector in the selected Asian econo-
mies by encouraging environmental quality.
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1. Introduction

The fact is developing and developed economies are facing some biggest challenges in
the form of environmental pollution and climate change in the way to attain sustain-
able economic growth (Liu et al., 2022). Environmental deprivation caused serious
pressure on biodiversity. Environmental degradation results in decreased production
of world food and increased sea levels. It also results in increased mortality and mor-
bidity (Dvorak et al., 2018; Usman et al., 2022). Consequently, in the absence of pre-
cautionary measures, degradation of the environment is a severe risk to the universal
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economic system. Greenhouse gases, specifically carbon emissions, are the major con-
tributor to the degrading environment (Davidson, 2019; Zhao et al., 2021; Skare
et al., 2021). Carbon emissions account for approximately 70 percent of atmospheric
meditations (Mushta et al., 2020; Li et al., 2022b).

Experts consider that decrease in pollution emissions should be an important part
of the compressed policies especially for defending the environment in the 21st cen-
tury. A bulk of research works show a number of determinants such as industrial
activities, transport, and usage of fossil fuels, population size, economic growth, and
climatic conditions that determine pollution emissions (Yazdi & Dariani, 2019; Ullah
et al., 2020; Lei et al., 2022). Numerous other determinants also play a significant role
in alleviating environmental problems and public-private partnership investment is
among them (Shan et al., 2018; Wei & Ullah, 2022). Public-private partnership invest-
ment is demonstrated as long-term agreements between private and public institu-
tions for confirming the provision of essential public goods and services to residents.

The energy sector has the largest share in greenhouse gas and CO2 emissions
(Mofijur et al., 2019; Li et al., 2022a; Qin et al., 2022). Construction and transport are
the other segments that harmfully influence the environment. Hence, Zhao et al.
(2018) propose that participation of the private sector in construction and transporta-
tion can importantly diminish the amount of pollution in China. Energy sector
decentralization in the form of public-private investment can increase clean energy
development. As Goldthau (2014) suggests that effective utilization of energy, cost
savings, increased capacity, and reforms make public-private investment an efficient
policy strategy for dealing with environmental changes. Additionally, public-private
investment is assumed as an efficient way to tackle the problem of pollution emis-
sions (Chen et al., 2022; Li & Ullah, 2022).

So far, the nexus between PPPIE and environmental pollution is an ignored area.
But few studies are available addressing the issue of PPPIE and pollution emissions,
and most of them are based on time-series analysis. For instance, Shahbaz et al.
(2020) investigated the impact of PPPIE on pollution emissions in China by employ-
ing the bootstrap ARDL co-integration method. The findings show that the associ-
ation between PPPIE and pollution emissions is significant and negative in China.
This indicates that PPPIE in China is significantly contributing to environmental
quality. Likewise, �Alvarez-Herr�anz et al. (2017a) examined the impact of research and
development progress in the energy sector on pollution emissions in 28 OECD
economies by employing the environmental Kuznets curve (EKC) approach. The
results revealed that energy innovation has negatively affected pollution emissions
and consequently enhances the quality of the environment.

Furthermore, �Alvarez-Herr�anz et al. (2017b) also tested the hypothesis of EKC for
green finance-CO2 nexus. The results reveal that an upsurge in green finance enhan-
ces environmental quality by reducing carbon emissions. Moreover, Ganda (2018)
unveiled the determinants of carbon emissions in advanced countries by employing
the GMM. The study found that investment in the renewable energy sector improves
the efficiency of energy and upgrades the environment by decreasing pollution emis-
sions. By employing bootstrapped ARDL co-integration approach, Shahbaz et al.
(2019) explored the components of pollution emissions for the French nation. To
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measure the public energy investment variable, research and development (R&D) is
employed as a proxy variable. The results showed that PPPIE leads to familiarizing
efficient energy green technology which in turn improves quality of environment by
reducing pollution emissions. The results also reported the unidirectional causality
link between public investment and pollution emissions.

Later on, Waqih et al. (2019) examined the relationship between private invest-
ment and pollution emissions in the SAARC region. The study employed FMOLS
and panel ARDL techniques. Findings reveal that a U-shaped inverted association
exists between private investment and carbon emissions. Additionally, Balsalobre-
Lorente et al. (2019) scrutinized the EKC hypothesis for OECD economies. Their
findings indicate the presence of the EKC hypothesis. The outcomes revealed that
public sector clean energy investment is significantly positively linked with environ-
mental quality. Ganda (2018) investigated the influence of green technology invest-
ment on the degradation of environment by using data for OECD economies. The
study used the GMM approach and stated that green investment lower pollution
emissions to upsurge the quality of the environment. A similar finding is also
described by Wei et al. (2022) for emerging Asian economies. They noted that envir-
onmental entrepreneurship can help in environmental quality by promoting green
economic growth.

The empirical literature is very inadequate to justify the nexus between PPPIE and
pollution emissions. The significance of renewable energy for the sustainability of the
environment and energy demand is well recognized but, the role of public-private
partnership investment for the environmental future and sustained energy is negli-
gible in academic literature. No study has explored the role of public-private partner-
ship investment in the energy sector toward pollution emissions in the existing
literature of energy in the case of asymmetric analysis. In doing so, this study sug-
gests a PPPIE sector as a new factor of pollution emissions. This study has incorpo-
rated PPPIE sector as a new factor in carbon emissions production function.
Furthermore, the study applied NARDL for scrutinizing the co-integration between
pollution emissions and its determinants. This study examines the asymmetric long
and short-run impacts of PPPIE on CO2 emissions in Asian selected economies. The
rest of the study describes the model and method, empirical results, and conclusion
with implications. The findings of this study support policymakers in developing such
implications for public-private partnership investment that recover the environmental
performance. The findings of the study will also provide strategies to the environ-
mental safety specialists regarding the improvement of environmental sustainability.

2. Theoretical framework, methodology, and data

Theoretically, PPPIE is associated with sustainable growth due to its importance in
fulfilling the unparalleled energy demand. Thus, PPPIE is considered a policy tool to
control environmental degradation. However, analysis reveals that public-private part-
nership investment in the energy sector enhances CO2 emissions, revealing that pub-
lic-private partnership investment deteriorates the environmental quality in the long
run (Raza et al., 2021). Thus, we made an effort to confirm whether the positive
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association between PPPIE and CO2 emissions exists in the case of Asian economies
or not. The outcomes of various literature studies reveal that PPPIE has positive
(Shahbaz et al., 2020, Adebayo & Akinsola, 2021, Kirikkaleli & Adebayo, 2021), nega-
tive (Anwar et al., 2021), and insignificant (Raza et al., 2021) impacts on CO2 emis-
sions. Based on literature findings, we argue that PPPIE impact on CO2 emissions
could be asymmetric. Based on such a theoretical framework, we used the following
forms of the CO2 emissions model:

CO 2, t ¼ x0 þ u1PPPIEt þ u2GDPt þ u3FDIt þ u4Technologyt þ et (1)

Here, CO 2, t is carbon emissions in a time period t, PPPIEi is the public-private
partnership’s investment in energy sector. Where GDPt is the GDP per capita, FDIt is
the FDI inflows, and Technologyt is the technology innovation are used as control
variable in the model. If PPPIE improves environmental quality in the long-term, an
estimate of u1should be negative in Equation (1). The coefficient of Equation (1) is
noted as long-term estimates. To judge the short-run effects of PPPIE, we express
Equation (1) in an error-correction framework as:

DCO2, t ¼ x0 þ
Xn

k¼1

b1kDCO 2, t�k þ
Xn

k¼0

b2kDPPPIEt�k þ
Xn

k¼0

b3kDGDPt�k

þ
Xn

k¼1

b4kDFDI t�k þ
Xn

k¼0

b5kDTechnologyt�k þ x1CO2, t�1

þ x2PPPIEt�1 þ x3GDPt�1 þ x4FDIt�1 þ x5Technologyt�1 þ et (2)

where ‘first-differenced’ variables are described as short-run effects and x2-x5 coeffi-
cients are reflected as the long-run effects of concern variables on CO2 emissions.
Though, for the validity of long-run effects, Pesaran et al. (2001) suggest two robust
tests; name as the first one is F test and the other is t-test. Both tests in this context
have their own new tabulated critical values that offer by Pesaran et al. (2001). There
are two key edges of this approach is that there is no basic requirement of unit root
testing because most macroeconomic variables are a mixture of I(1) and I(0).
Another edge is that both long-and long-run impacts are assessed in one step. So, we
do a modification for Equation (2), following Shin et al. (2014) method to disinte-
grate (PPPIE) into two new partial sum variables where one signifies an increase in
PPPIE and the other one decrease in PPPIE.

PPPIEþ
t ¼

Xt

n¼1

DPPPIEþ
t ¼

Xt

n¼1

max ðPPPIEþ
t, 0Þ (3a)

PPPIE�
t ¼

Xt

n¼1

DPPPIE�
t ¼

Xt

n¼1

min ðDPPPIE �
t, 0Þ (3b)
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Here, the PPPIEþ
t is the partial sum of positive changes and the PPPIE�

t is the
partial sum of negative changes. In the next stage, we replace the two partial sum var-
iables into Equation (3) and attain the following new models:

DCO2, t ¼ x0 þ
Xn

k¼1

b1kDCO2, t�k þ
Xn

k¼0

b2kDPPPIE
þ
t�k þ

Xn

k¼0

d3kDPPPIE
�
t�k

þ
Xn

k¼0

b4kGDPt�k þ
Xn

k¼0

d5kFDIt�k þ
Xn

k¼0

b6kTechnologyt�k þ x1CO2, t�1

þ x2PPPIE
þ
t�1 þ x3PPPIE

�
t�1 þ x4GDPt�1 þ x5FDIt�1

þ x6Technologyt�1 þ et

(4)

Since creating the partial sum variables presents asymmetric adjustment of the
PPPIE, models like Equation (4) are known as asymmetric or nonlinear ARDL mod-
els while the basic model Equation (2) is a symmetric or linear ARDL model. While
linear and nonlinear models have the same diagnostic tests and estimation methods
(Shin et al., 2014). After estimating the short and long coefficients, a few additional
asymmetry hypotheses can be tested. First, if DPPPIEþ

t�k takes a different lag order
than DPPPIE�

t�k, that is one indication of short-run asymmetry. Second, the exist-
ence of short-run asymmetric impacts can be established if the Wald test nullified the
conditions as,

Pn
k¼0 b2k ¼

Pn
k¼0 d3k: Finally, if the Wald test nullified the conditions

as �x2=x1
¼�x3=x1

, long-run asymmetric effects of PPPIE on the CO2 emissions will
be established. For some other econometric applications of non-linear methods see
Ullah et al. (2020), Usman et al. (2020), and Ullah et al. (2021) have used non-linear
diagnostic for CO2 emissions model by using different concern variables.

We use annual data for the period of 1990–2019 for selected high pollutant Asia
economies, i.e., China, India, Russia, Indonesia, and Turkey. These Asian selected
countries were chosen on the basis of data availability. The data on CO2 emissions
(measured in kilo tons), PPPIE (measured in current US$), GDP per capita (constant
2010US$), FDI (measured as net inflows (% of GDP), Technology innovation (meas-
ured as patents applications) is attained from World Development Indicators given
by World Bank. The dependent variable is CO2 emissions whilst the focused variable
is PPPIE and regressors are GDP, FDI, and Patent. We converted all variables into a
logarithm except one FDI. The details of data and variables description are given in
Table 1:

3. Results and discussions

Before performing regression analysis, it is vital to confirm the unit root properties of
the data. For that purpose, we have applied two unit-root tests, Phillips-Perron (PP)
and Augmented Dickey-Fuller (ADF). The results of these tests are reported in table
2, findings of both tests infer that a few variables are stationary at level, i.e., I(0), and
a few of them are stationary at the first difference, i.e., I(1). Hence, the NARDL
methodology is employed for empirical analysis in this study.

1964 B. GAO ET AL.



The asymmetric/nonlinear ARDL findings of selected Asian economies are
described in Table 3. The short-run public-private partnerships investment results
reveal that positive change has a negative effect on pollution emissions in India,
Indonesia, and Turkey, however, insignificant impact in China and Russia. It indi-
cates that 1% increase in public-private partnership investment would decrease pollu-
tion emissions to 0.022% in India, 0.060% in Indonesia, and 0.011% in Turkey. The
negative shock to public-private partnerships investment has positive results in India,
Russia, and Turkey, and the negative shock infers a negative effect on pollution emis-
sions in Indonesia. Correspondingly, the results show that 1% fall in public-private
partnerships investment results in increased carbon emissions by 0.020% in India,
0.012% in Russia, and 0.064% in Turkey, while pollution emissions would fall by
0.178% in Indonesia in the short-run. The short-run findings for GDP reveal that 1%

Table 2. Unit root tests.
ADF PP

Level First-difference (FD) Decision Level First-difference (FD) Decision

China CO2 �1.112 �4.947��� FD �1.121 �4.946��� FD
PPP �1.243 �4.983��� FD �1.279 �4.967��� FD
GDP �3.762��� Level �3.742��� Level
Technology �0.281 �3.125��� FD �0.326 �3.212��� FD
FDI �1.626 �4.680��� FD �1.631 �4.733��� FD

Russia CO2 �12.29��� Level �10.01��� Level
PPP �2.517 �7.730��� FD �2.486 �8.059��� FD
GDP �2.421 �7.772��� FD �2.275 �8.177��� FD
Technology �0.486 �5.166��� FD �0.616 �5.167��� FD
FDI �7.018��� Level �5.899��� Level

India CO2 �0.791 �4.379��� FD �0.773 �4.368��� FD
PPP �2.426 �4.697��� FD �2.557 �4.661��� FD
GDP �4.909��� Level �4.990��� Level
Technology �2.501 �5.647��� FD �2.583� Level
FDI �1.751 �4.184��� FD �1.762 �4.152��� FD

Indonesia CO2 �2.056 �5.485��� FD �2.331 �6.438�� FD
PPP �3.159�� Level �3.072�� Level
GDP �1.848 �3.912��� FD �0.047 �3.853��� FD
Technology �0.399 �9.254��� FD �0.057 �9.695��� FD
FDI �2.851� Level �2.250 �5.034��� FD

Turkey CO2 �1.242 �6.939��� FD �1.321 �5.989��� FD
PPP �3.017� Level �3.138�� Level
GDP �0.136 �5.428��� FD �0.811 �5.450��� FD
Technology �0.213 �4.554��� FD �0.077 �4.637��� FD
FDI �2.135 �4.896��� FD �2.113 �4.906��� FD

Note:���p< 0.01;. ��p< 0.05; and �p< 0.1.
Source: Authors’ Calculations.

Table 1. Variables description.
Variables Symbol Definition Data source

CO2 emissions CO2 CO2 emissions (kt) https://databank.
worldbank.org/source/
world-
development-indicators

Public-private partnerships PPP Public-private investment in energy
sector (current US$)

GDP per capita GDP GDP per capita (constant 2010 US$)
Technology innovation Technology Patent applications, residents
Foreign direct investment FDI Foreign direct investment, net

inflows (% of GDP)

Source: World Bank.
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increase in GDP would decrease pollution emissions in China by 2.749%, while pollu-
tion emissions would increase by 0.858% in Russia, 5.303% in Indonesia and 0.813%
in Turkey. Results for foreign direct investment indicate that 1% increase in FDI
would increase pollution emissions by 0.127% in India and pollution emissions would
fall by 0.138% in Indonesia. In case of innovation, results demonstrate that 1%
increase in innovations would increase pollution emissions to 0.296% in China,
0.286% in Indonesia, and 0.142% in Turkey, while pollution emissions decrease by
0.234% in Russia.

The long-run coefficients of public-private partnerships investment results demon-
strate that positive shock has a positive effect on pollution emissions in Russia and
Indonesia however, significant negative impact on pollution emissions in China and
Turkey. It indicates that 1% increase in positive components of public-private part-
nership investment would increase pollution emissions by 0.023% in Russia and
0.236% in Indonesia. This outcome is also reliable to the study of Shahbaz et al.
(2020), who noted that PPPIE has a significant and positive effect on CO2 emissions.
This result is consistent with Buso and Stenger, (2018), who noted that public–private
partnerships are increasing the domestic output by reducing the environmental qual-
ity. The possible reason is that public-private partnership is more investment in fossil

Table 3. Long-and short-run estimates of PPPIE and CO2 emissions.
China India Russia Indonesia Turkey

Variable Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat

Short-run
D(PPPIE_POS) 0.020 0.627 �0.022� 1.774 0.003 0.617 �0.060� 1.906 �0.011� 1.762
D(PPPIE_POS(-1) 0.048�� 2.102 �0.015 2.216 0.057�� 2.472
D(PPPIE_NEG) �0.004 0.317 0.020� 1.671 0.012� 1.749 �0.178��� 4.759 0.064��� 4.353
D(PPPIE_NEG(-1) �0.091 1.574
D(GDP) �2.749� 1.681 0.113 0.102 0.858��� 4.102 5.303��� 6.515 0.813��� 4.380
D(GDP(-1) �1.701� 1.761 1.478 1.553
D(FDI) 0.127��� 3.500 0.002 0.047 �0.001 0.167 �0.138��� 3.853 0.004 0.262
D(FDI(-1) �0.046�� 2.483 0.035��� 3.268
D(Technology) 0.296��� 3.118 �0.234� 1.670 0.071 1.076 0.286��� 4.001 0.142��� 3.141
D(Technology(-1) �0.448�� 1.994 �0.067� 1.727 0.377��� 5.174
Long-run
PPPIE_POS �0.040� 1.675 0.044 0.825 0.023� 1.930 0.236��� 3.159 �0.018� 1.875
PPPIE_NEG �0.006 0.307 �0.055 0.771 0.040�� 2.413 0.283��� 2.843 0.110��� 4.031
GDP 0.113 0.348 �2.700� 1.762 0.786� 1.928 �0.972� 1.770 1.393��� 4.103
FDI 0.228��� 6.396 �0.097 1.164 �0.068��� 3.452 0.108��� 3.673 0.046� 1.899
Technology 0.381��� 3.337 1.339� 1.910 �0.045 0.307 0.599��� 3.629 0.243��� 3.534
C 9.837��� 5.410 21.29��� 4.104 7.918��� 3.093 17.28��� 3.623 �1.531 0.504
Diagnostic
F-test 2.010 4.175� 6.178�� 1.885 4.223��
ECM(-1) �0.779��� 3.927 �0.453��� 2.734 �0.495��� 3.080 �0.711�� 2.375 �0.584��� 4.218
LM 0.244 1.969 0.167 2.695� 1.716
BPG 1.427 1.762 0.473 0.860 0.984
RESET 0.011 0.468 2.026 0.700 1.985
CUSUM S S S S S
CUSUM-sq S S S S US
Wald-SR 1.235 1.333 3.112� 4.879��� 1.001
Wald-LR 3.854�� 1.235 2.987� 3.214� 4.987���
Note:.���p< 0.01;.��p< 0.05; and.�p< 0.1.
Source: Authors’ Calculations.

1966 B. GAO ET AL.



fuel energy due to high economic return on investment, thus adversely affecting the
environment. The reason behind the positive interconnection between public-private
partnership-CO2 is that Russia and Indonesia have to achieve economic expansion
without increasing the environmental quality. Finding infers that 1% increase in posi-
tive components of public-private partnership investment would fall pollution emis-
sions by 0.040% in China and 0.018% in Turkey in the long-run. Finding also infers
that PPPIE is encouraged environmental quality in China and Turkey.

Findings reported that the influence of PPPIE on CO2 emissions is positive in the
long-run in Indonesia and Russia, revealing that PPPIE negatively influences environ-
mental sustainability. The reason behind this association is that most of the public-
private partnership investment projects in Indonesia and Russia are based on non-
renewable energies that bring serious damage to environmental quality. Hence, PPPIE
adversely influences environmental sustainability in Indonesia and Russia.
Additionally, it is argued that PPPIE is not enough to enhance the sustainability of
the environment without the transformation of energy sources from fossil fuels to
renewable energy sources. Our findings are supported by York and Bell (2019) and
Shahbaz et al. (2020). Another study done by Anwar et al. (2021) provides the same
results by claiming that public-private partnership investment deteriorates environ-
mental quality by intensifying CO2 emissions.

The negative shock of public-private partnerships investments has a positive influ-
ence on pollution emissions in Russia, Indonesia, and Turkey, except in China and
India. The coefficient estimates reveal that 1% decrease in public-private partnerships
investments raised pollution emissions by 0.040% in Russia, 0.236% in Indonesia, and
0.110% in Turkey, respectively. In case of GDP results demonstrate that 1% increase in
GDP would increase pollution emissions by 0.786% in Russia and 1.393% in Turkey,
while pollution emissions fall by 2.700% in India and 0.972% in Indonesia. The long-
run findings for foreign direct investment reveal that 1% increase in FDI would
decrease pollution emissions in Russia by 0.068%, while pollution emissions would
increase by 0.228% in China, 0.108% in Indonesia and 0.046% in Turkey. Results for
innovation indicate that 1% increase in innovation would increase pollution emissions
by 0.381% in China, 1.339% in India, 0.599% in Indonesia, and 0.243% in Turkey.

The lower panel of Table 3 demonstrates the results of other diagnostic tests. The
F-statistics validate the long-run association among variables in only India, Russia,
and Turkey. The error correction term (ECT) is a significant negative for all selected
countries with coefficients equal to �0.779, �0.453, �0.495, �0.711, and �0.584 for
China, India, Russia, Indonesia, and Turkey. The speed of convergence toward the
long-run equilibrium is almost 77% for each year for China, 45% for India, 49% for
Russia, 71% for Indonesia, and 58% for Turkey. However, other diagnostic numbers
also confirm that the nonlinear models are reliable and usable. For example, the coef-
ficient estimates of LM test, BPG test, and Ramsey RESET test confirm the absence
of autocorrelation problem (except in Indonesia) and heteroskedasticity problem, nor-
mality of residuals, and selection of correct functional form of asymmetric ARDL
models. Also, both CUSUM tests confirm the stability of models except Turkey in
CUSUM-sq test. The findings of Wald test reported that PPPIE shocks have a nonlin-
ear link with pollution emissions in the mostly selected economies in long run.
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4. Conclusion and implications

The study aims to scrutinize the asymmetric impact of PPPIE on CO2 emissions for
selected Asian nations by utilizing the annual dataset over the period 1990–2019. To
the best of our understanding, previous literature does not explore this nexus asym-
metrically for Asian economies. To explore the asymmetric relationship between
PPPIE and carbon emissions, the study utilized a nonlinear ARDL approach. The
findings of NARDL revealed that a positive change in PPPIE has a positive significant
effect on CO2 in Russia and Indonesia, while it has negative effects in China and
Turkey in the long run. Furthermore, a negative change in PPPIE has a harmful
effect on CO2 in Russia, Indonesia, and Turkey in long run. Moreover, a positive
change in PPPIE has a negative influence on CO2 emissions in India, Indonesia, and
Turkey in short run. Contrarily, a positive change in PPPIE improves the environ-
ment by deteriorating CO2 emissions whilst it has positive effects on CO2 emissions
in Russia, India, and Turkey in the short run.

Based on the findings, this study proposes some relevant policy implications. The
present study suggests that policymakers and authorities should encourage green
investments to improve the environment. Furthermore, authorities should introduce
green investments in green technology for clean energy production. This study rec-
ommends public-private partnership investment in clean energy projects.
Policymakers should emphasize public-private partnership investment in other sectors
like water and sanitation, ICT, and transport for environmental quality. Although our
study used a recent econometric approach to explore the nexus, whereas it has certain
limitations. For instance, the study only focused on a small range of Asian economies
in analysis and limited time span (1990–2019). Also, due to the non-availability of
data, our study only focused on five Asian countries. Upcoming empirical studies
could potentially inspect the dynamic impact of public-private investments in energy
on renewable energy production by utilizing the existing alternate parameter meas-
ures. Authors should also conduct a similar analysis for other nations for sound poli-
cies. Future studies must be focused on high pollutant economies.
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